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REMARKS 

I. Introduction 

Claims 1-16 are pending in the above application. 

Claims 1-5 and 7-16 have been withdrawn as being drawn toward a non-elected invention. 
Claim 6 stands rejected under 35 U.S.C. §112 Tf2. 
Claim 6 stands rejected under 35 U.S.C. § 102.. 

II. Amendments 

The title has been amended as suggested by the Examiner. 

A substitute specification has been provided to correct grammar and typos throughout the 
specification as requested by the Examiner. A mark-up copy is also being provided. No new matter 
has been added. 

Figures 16-18 have been amended as suggested by the Examiner. Drawing sheet labeled 
19/19 has been deleted as it is not a drawing at all, but rather just a listing of the meaning of the 
reference numbers. No new matter has been added. 

Claim 6 has been amended to more particularly point out that which Applicant regards as 
the invention therein. No new matter has been added. 

III. Rejection Under § 1 12 

Claim 6 stands rejected under 35 U.S.C. §1 12 Tf2 as being indefinite for allegedly failing to 
recite interconnections between elements. Applicants respectfully submit that claim 6, as amended 
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above, is believed to sufficiently recite interconnections between the elements to be sufficiently 
definite within the meaning of §1 12 ^[2. 

IV. Prior Art Rejection 

Claim 6 stands rejected under 35 U.S.C. § 102 as being anticipated by Ohtani et al. (EP 0 
935 252). 

Anticipation under 35 U.S.C. § 102 requires that each and every element of the claim be 
disclosed in a prior art reference as arranged in the claim. See, Akzo N. V. v. U.S. Int'l Trade 
Commission, 808 F.2d 1471 (Fed. Cir. 1986); Connell v. Sears, Roebuck & Co., 220 USPQ 193, 
198 (Fed. Cir. 1983). 

Ohtani does not disclose a semiconductor memory including one or a plurality of processor 
elements and a plurality of memory cells where a plurality of second data line pairs to be connected 
with one of the first data line pairs by a second gate to select a specific row location of sub-block 
data consisting of crossbar crosspoint, wherein the first data line pair and the second data line pair 
are arranged to intersect each other and said first gate pairs and second gate pairs are arranged 
along the side of sub-block sense amplifier. Ohtani discloses a memory cell array (Fig. 1 ; in an 
example, 32 Kbit sub-blocks are arranged in an 8x8 array matrix), in which two pair of global 
buses connect each word direction to each sub-block. Each of global buses are connected via 
gates to four local buses laid out 2x2 of each column side of each sub-block, and the data read or 
written by sense amplifier are transferred via these gates. 

Ohtani uses 32 column select lines of CSL0-CLS31, each of those lines control four 
gates, and each of the gates are connected to one of four local buses of a sub-block. If one CSLn 
is activated, four gates are simultaneously activated and four columns of sense amplifier data are 
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accessed for read/write. In the word line direction a 1x8 row block array is used, and if one word 
line of a row block array is selected and the sense amplifier is activated, then all memory cells 
connected to the selected word line are simultaneously read or written by sense amplifiers and 
data are stored by the sense amplifiers. In Ohtani, 128 data bits are read or written and held, then 
one column of select lines of CSL0-CLL31 is activated for each sub-block and then two pairs of 
data (a total of four data bits) are read or written to both sides of local bus. 

However, the present invention allows for arbitrary selection and access of sub-blocks 
simultaneously with high speed. 

Accordingly, as Ohtani does not disclose each and every limitation of amended claim 6, 
Ohtani does not anticipate amended claim 6. 

V. Conclusion 

If there are any outstanding issues that might be resolved by an interview or an 
Examiner's amendment, the Examiner is requested to call Applicants 1 attorney at the telephone 
number shown below. 
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To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is hereby 
made. Please charge any shortage in fees due in connection with the filing of this paper, including 
extension of time fees, to Deposit Account 500417 and please credit any excess fees to such deposit 
account. 

Respectfully submitted, 
MCDERMOTT, WILL & EMERY 

Lawrence T. Cullen 
Registration No. 44,489 

600 13 th Street, N.W. 
Washington, DC 20005-3096 
(202) 756-8000 LTC:men 
Date: May 17, 2004 
Facsimile: (202) 756-8087 
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heading 1 ; Default Paragraph FontSpage number;header,'Body Text;???8;line 
number;Plain Text;footer; zzmpTra ile rl tern; Semiconductor Memory and Controlling 
Mnthod Thoroo f EMBEDDED SEMICONDUCTOR MEMORY WITH 
CROSSBAR WTRTNCxS AND SWITCHES FOR HIGH BANDWIDTH 

Technical Field 

The present invention relates to a semiconductor memory and a control 
method thereof and, more particularly, relates to a low-cost, high- 
performance and high-speed semiconductor memory constructed by having 
processor elements performing arithmetic functions and the like andji 
memory integrally mounted on one chip. 

Background Art 

In recent years, as semiconductor devices hocomofi b ecome finer and 
finer in scale, an LSI constructed behaving processor elements andji 
memory integrally mounted on the same chip, the so-called system LSI or 
particularly embedded DRAM processor, has come to be realized. Further, 
for increasing processing speed and data bandwidth, a memory-embedded 
multiprocessor, i.e., a type having a plurality of processors and embedded 
memory units on one chip, is being proposed for performing parallel 
processing. The memory-embedded multiprocessors are classified into 
shared-memory type multiprocessors in which a plurality of processor 
elements share the access of a memory unit and multiprocessors of a type in 
which a plurality of processor elements each have its dedicated memory. In a 
microprocessor of a shared-memory type* in which all 

comhinatio n combinations of non-overlapping simultaneous access between 
each processor elements and each partitioned memory sub-units are 
simultaneously possible, such a system is sometimes used to havo with a 
crossbar switch array for connections between each of the plurality of 
processor elements and the memory sub-units. 

FIG. 16 is a drawing of prior-art example 1, which schematically shows 
a manner of connections between processor elements and memory units in a 
shared-memory type multiprocessor system. In a typical design, there are 
buses for data, addresses, and control signals, between processor elements 
and memory units. When the number of buses between a processor and 
memory units is N, and then if there are N buses provided as shown in FIG. 
16, only one processor is allowed to access memory at a time which . Which 
means a bus out of N buses is occupied for communication between the 
processor and memory. When processor elements simultaneously m ake 
roquofit p , imultnnooufi requests for memory accesses , all other processors 
requesting fes-memory access* but one having ^current bus accessing 
privilege, must wait until the communications between this processor 
element and the memory is over and the bus bocomo becomes available. 
S oAccordinp-lv. even when m emory is divided into small capacity units, 
simultaneous access is limited to the maximum of available b**&-number of 
buses N. In Fig 16, note that black circles at bus portions are not permanent 
bus connections but bus switch arrays and those connections are controlled to 
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set up a bus route from a processor to a target memory. 

FIG. 17 is a drawing oxplnnntorv o fw hidi explains prior-art example 
2. If M sets of N buses (here M<N) are provided as shown in FIG. 17, M 
processor elements are allowed to communicate with N memory units at the 
same time. However, since M x N buses are required, the number of buses 
becomes huge when the number of the processor elements increase. In the 
drawing, black circles at bus crossing portions are not permanent bus 
connections but switch arrays. Those switch arrays are controlled to set up a 
bus route from a processor to a target memory sub-group comprising of one or 
plural memory units - so that the m emories are interconnected. 

FIG. 18 is a drawing oxplnnntorv o f which explains prior-art example 3. 
In the case of FIG. 18, crossbar areas are provided between processor 
elements and memory units and, by means of crossbar switches, processor 
elements and memories are interconnected. The typical crossbar circuit is 
designed literally to intersect vertical and horizontal lines to form crossbar 
with bus switch at the intersection point. By providing a path for direct 
connection between each processor element and each memory unit with the 
use of a bus switch, the crossbar switch system realizes simultaneous 
connections of all the combinations of processor elements and memories with 
smaller hardware size compared to example 2, though it is well known that 
cross-bar hardware is huge. Although it is not drawn in each figure of 
example 1, example 2 and example 3 described above, since a plurality of 
processor elements are not allowed to access the same memory unit at the 
same time, an arbiter circuit is provided for arbitrating simultaneous 
requests for accessing the same memory for arbitrating oimultanoouo 
roquooto for accoooing tho oamo momor}^ . 

In the prior arts discussed above, since the crossbar switch areas must 
be provided between processor elements and memories as shown in FIG. 18, 
there is a problem of an increase in the chip space. This problem becomes 
more serious for large scale integrated system as processor elements and 
buses are increased in number and, consequently, the system employing the 
crossbar becomes expensive. If the crossbar switch kind of bus system is not 
used, it is impossible for a plurality of processor elements to access each 
target memory unit simultaneously. Therefore, especially for a memory- 
embedded multiprocessor, though the system performance can be improved 
by the increase in the bus bandwidth, the cost increases with the increase in 
the chip area. 

In USP 5,379,248, a semiconductor memory is disclosed, which makes 
it possible to provide a more complicated bit line peripheral circuit without 
increasing the chip size. In this US Patent, ordinary bit lines are laid on a 
memory cell and other bit lines are laid over the ordinary bit lines so as to 
intersect the same. Therefore, emphasis is placed on getting more freedom in 
layout rather than on increasing the bandwidth. 

In another patent USP 5,943,253, a semiconductor memory is 
disclosed, which makes it possible to transfer more data without increasing 
the chip area by providing first data buses and second data buses 
intersecting each other. 
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Although the configurations mentioned above include the 
constituents of the configuration of the present invention partly, they are not 
such that to attain high speed massive data operation and large bandwidth. 

Disclosure of Invention 

An object of the present invention is to obtain the merit of processor 
and memory integration on one chip, i.e., to obtain a larger bandwidth and 
achieve simultaneous access by processors to any of the memory addresses as 
effectively as possible, through the layout of data lines on the memory cell 
parallel with and orthogonal to the word lines and the arrangement of 
crossbar switches and wires for connecting related parallel and orthogonal 
data lines through crossbar switches Invoutod laidout not at the intersection 
point of the first and the second data lines but in memory cell circumjacent 
area such as sense amplifier areas or word driver areas. 

The semiconductor memory of the present invention, in more detail, 
comprises a plurality of memory cells arranged in a matrix, a plurality of bit 
line pairs each thereof being connected to each column of the plurality of the 
memory cells, sense amplifiers each connected to each bit line pair , a 
plurality of first gate pairs, a plurality of second gate pairs, a plurality of first 
data line pairs of each to be connected with one of the bit line pairs selected 
by means of the first gate pairs on activation, and a plurality of second data 
line pairs of each to be connected with one of the first data line pairs by 
means of the second gate pairs, wherein the first data line pairs and the 
second data line pairs are arranged to intersect each other. 

By virtue of the configuration just described, first data line pairs 
normally used for memory data transfer can also be used as crossbar wirings 
and, hence, a reduction in the chip area can be attained. 

Further, the semiconductor memory of the present invention comprises 
a plurality of memory cells arranged in a matrix, a plurality of bit line pairs 
each thereof being connected to each column of the plurality of the memory 
cells, sense amplifiers each connected to each bit line pair , a plurality of first 
gate pairs, a plurality of second gate pairs, a plurality of first data line pairs 
of each lavoutod laidout on the memory cells, to be connected with one of the 
bit line pairs selected by means of the first gate pairs, on activation, and a 
plurality of second data line pairs of each, lavouto d laidout on the memory 
cells, to be connected with one of the first data line pairs by means of the 
second gate pairs, wherein the first data line pairs and the second data line 
pairs are arranged to intersect each other. 

By virtue of the configuration just described, crossbar wirings can be 
provided by the use of the memory cell area and therefore a reduction in the 
chip area can be attained. Further, by the use of the high layer of memory 
cell area as the wiring area, a much larger number of data line pairs can be 
laid as compared with the case where, for example, second data line pairs are 
arranged in the sense amplifier area. By having described configuration, 
simultaneous data communications performed with the use of the larger 
number of data line pairs, a high bandwidth system can be structured. 

Further, the semiconductor memory of the invention is characterized 
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by that the first and second gate pairs are lavoutod laidout in the outer space 
of a memory cell array. 

By virtue of the configuration just described, as an example of more 
effective layout, the crossbar switchers can be lavoutod laidout in the area of 
bit fine side of a memory cell arrays adjacent to the sense amplifiers area, 
and therefore, an increase in the chip area can be suppressed as contrasted to 
the conventional arrangement of them in the areas of intersection of the first 
data fine pair and second data fine pair. Besides, since the switches can be 
disposed in the active region of the sense amplifier area, an increase of the 
chip area can be suppressed. 

Further, the semiconductor memory of the invention comprises a 
plurality of memory cells arranged in a matrix, a plurality of bit line pairs 
each thereof being connected to each column of the plurality of the memory 
cells, sense amplifiers each connected to each bit line pair , a plurality of 
first gates, a plurality of second gates, a plurality of first data lines of each to 
be connected with one line of one of the bit line pairs selected by means of the 
first gates, on activation, and a plurality of second data lines of each to be 
connected with one line of one of the bit line pairs selected by means of the 
first gate pairs to be connected with one of the first data lines by means of 
the second gates, wherein the first data lines and the second data lines are 
arranged to intersect each other. 

Although the advantage of differential data transfer of high speed and 
low power consumption are not obtained, by virtue of the configuration 
just described, twice as many data as are transferred by means of 
data line pair can be transferred and hence it is made possible to 
construct a high bandwidth system. 

Further, the semiconductor memory of the invention comprises a 
plurality of memory cells arranged in a matrix array, a plurality 
of bit line pairs each thereof being connected to each column of 
the plurality of the memory cells, sense amplifiers each connected 
to each bit line pair , a plurality of first gate pairs, a plurality of second 
gate pairs, a plurality of first data line pairs of each to be connected 
onj, time sharing basis with one of the bit line pairs selected by 
means of the first gate pairs, on activation, and a plurality of second 
data line pairs of each to be connected with one of the first data line 
pairs by means of the second gate pairs, wherein the first data 
line pairs and the second data line pairs are arranged to intersect 
each other. 

According to the configuration just described, by arranging first data 
line pairs to be separately corresponding to each memory block, it is made 
possible to perform access, continuously with first access, to a memory block 
different from that accessed first, through second data line pair different 
from that used in the first access. Further, data transfer to and from a 
plurality of memory blocks can be continuously performed without producing 
contention, so that a great improvement in the bandwidth of the system can 
be realized. 

Further, the semiconductor memory of the invention 
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comprises one or a plurality of processor elements, a plurality of 
memory cells arranged in a array, a plurality of bit line pairs 
each thereof being connected to each column of the plurality of the 
memory cells, sense amplifiers each connected to each bit line pair, a 
plurality of first gate pairs, a plurality of second gate pairs, a plurality 
of first data line pairs of each to be connected with one of the bit line 
pairs selected by means of the first gate pairs, on activation, and a 
plurality of second data line pairs of each to be connected with one of 
the first data line pairs by means of the second gate pairs, 
wherein the first data line pairs and the second data line pairs 
are arranged to intersect each other. 

By virtue of the configuration just described, a memory-embedded 
processor provided with a crossbar system can be realized on one 
chip. Therefore, a high-speed and low-power system can be 
provided. 

Further, the semiconductor memory according to the invention, that 
N-th input-output data line of said processor elements is to be connected to 
N-th of said first gate and corresponding N-th said first data line, and those 
of each N-th arrangement is assigned to N-th partial chunk out of said 
plurality of bit line pairs, each thereof being connected to each column of the 
plurality of the memory cells, with a number of column of the product of M 
neighbor bit line pairs by N chunk. Here the bit data connection of N-th 
input-output data line of said processor elements between the processor 
elements and memory cells are assigned to transfer data corresponding to the 
N-th arrangement of the first gate pair of each to select one of the bit line 
pairs out of M neighbor columns. 

And each of all columns number of product of M by N is hereof being 
connected to each of the plurality of memory cells. The N-th first gate pair is 
to connect to each of N-th first data line pair and the N-th first line pair is to 
be connected to the N-th input output N line of each processor element via 
the second gate pairs and via the second data line pairs. M-th of N parallel 
bit data out of all columns of data in one time simultaneous read or write are 
transferred with a choice of the first gates 

By virtue of this configuration, succeeding M transferring words of N- 
bit data words are transferred between the memory and the processor in high 
speed, and as neighbor connection of wire is simple, a memory-embedded 
microprocessor chip is manufactured with small number of metal layers. 

Further, the semiconductor memory according to the 
invention comprises one or a plurality of processor elements, a 
plurality of memory cells arranged in a matrix array, a plurality 
of bit line pairs each thereof being connected to each column of the 
plurality of the memory cells, sense amplifiers each connected to each bit 
line pair, a plurality of first gates, a plurality of second gates, a 
plurality of first data lines of each to be connected with one line of one 
of the bit line pairs selected by means of the first gates, on 
activation, and a plurality of second data lines of each to be 
connected with one of the first data lines by means of the second 
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gates, wherein the first data lines and the second data lines are 
arranged to intersect each other. 

By virtue of the configuration just described, a high-bandwidth 
memory-embedded processor provided with a crossbar system can be realized 
on one chip. Therefore, a high-speed and low-power system can be provided. 

Further, the semiconductor memory according to the invention 
comprises one or a plurality of processor elements, a plurality of memory 
cells arranged in a matrix array, a plurality of bit line pairs each thereof 
being connected to each column of the plurality of the memory cells, a sense 
amplifiers each connected to each bit line pair , a plurality of first 
gate pairs, a plurality of second gate pairs, a plurality of first data 
line pairs of each to be connected on a time sharing basis with one 
of the bit line pairs selected by means of the first gate pairs, on 
activation, and a plurality of second data line pairs of each to be 
connected with one of the first data line pairs by means of the 
second gate pairs, wherein the first data line pairs and the second 
data line pairs are arranged to intersect each other. 

According to the configuration just described, by arranging first data 
line pairs to be separately corresponding to each memory block, it is made 
possible to perform access, continuously with first access, to a memory block 
different from that accessed first, through second data line pairs different 
from that used in the first access. Further, data transfer to and 
from a plurality of memory blocks can be continuously performed 
without producing contention, so that a great improvement in the 
bandwidth of the system can be realized. 

Further, the semiconductor memory of the invention 
comprises a plurality of processor elements, a plurality of memory 
cells arranged in a matrix array and organized into a plurality of 
memory block groups, a plurality of bit line pairs each thereof being 
connected to each column of the plurality of the memory cells, 
sense amplifiers each connected to each bit line pair , a plurality of 
first gate pairs, a plurality of second gate pairs, a plurality of first 
data line pairs of each to be connected with one of the bit line pairs 
selected by means of the first gate pairs, on activation, and a 
plurality of second data line pairs of each to be connected with one of 
the first data line pairs by means of the second gate pairs, wherein 
the first data line pairs and the second data line pairs are 
arranged to intersect each other. 

By virtue of the configuration just described, a memory-embedded 
multiprocessor provided with a crossbar system can be realized on one chip. 
Therefore, a high-speed and low-power system can be provided. 

Further, the semiconductor memory of the invention comprises a 
plurality of processor elements, a plurality of memory cells arranged in a 
matrix array and organized into a plurality of memory block groups, a 
plurality of bit line pairs each thereof being connected to each column of the 
plurality of the memory cells, sense amplifiers each connected to each bit line 
pair , a plurality of first gate, a plurality of second gate, a plurality of first 
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data line pairs of each to be connected with one of the one line of the bit line 
pairs selected by means of the first gates, on activation, and a plurality of 
second data line pairs of each to be connected with one of the first data lines 
by means of the second gates, wherein the first data line and the second data 
line are arranged to intersect each other. 

By virtue of the configuration just described, a high-bandwidth 
memory-embedded multiprocessor provided with a crossbar system can be 
realized on one chip. Therefore, a high-speed and low-power system can be 
provided. 

Further, the semiconductor memory according to the 
invention comprises one or a plurality of processor elements, a 
plurality of memory cells arranged in a matrix array and organized 
into a plurality of memory block groups, a plurality of bit line pairs 
each thereof being connected to each column of the plurality of 
the memory cells, sense amplifiers each connected to each bit line 
pair , a plurality of first gate pairs, a plurality of second gate pairs, a 
plurality of first data line pairs of each to be connected on a time 
sharing basis with one of the bit line, pairs selected by means of the 
first gate pairs, on activation, and a plurality of second data line 
pairs of each to be connected with one of the first data line pairs by 
means of the second gate pairs, wherein the first data line pairs 
and the second data line pairs are arranged to intersect each 
other. 

By virtue of the configuration just described, a high -bandwidth 
memory-embedded multiprocessor provided with a crossbar system can be 
realized on one chip. Therefore, a high-speed and low-power system can be 
provided. Besides, in the memory-embedded multiprocessor, the input and 
output of each processor element can be connected with the crossbar system 
disposed on the memory side. 

Further, the semiconductor memory of the invention 
further comprises a plurality of control means for controlling a 
plurality of memory cells organized into one or a plurality of 
memory block groups, wherein the control means each have a 
control signal for controlling each of the groups. (Hereinafter, a 
plurality of memory cells will be called "memory cell array" or 
cell array J 

By virtue of the configuration just described, a system capable of 
making a plurality of accesses to a plurality of memory cell arrays 
simultaneously can be structured and, hence, a high-speed system can be 
provided. 

Further, the semiconductor memory according to the 
invention is such that has the control means as part of the plurality of 
processor elements. By virtue of this configuration, a system, in a memory- 
embedded microprocessor, allowing a plurality of memory cell 
arrays to simultaneously make a plurality of accesses, such that, 
for example, a plurality of processor elements simultaneously access a 
plurality of memory cell arrays, and having a speed, at the maximum, 
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equivalent to that of an existing system multiplied by the number of the 
processor elements can be structured. 

In addition, the method for controlling a semiconductor memory 
according to the invention comprises making request for data 
communications by processor elements performing data communications with 
a plurality of memory cells organized into memory block groups, 
controlling data communications in response to the requests for data 
communications, and making data communications between the processor 
elements and the memory cells in accordance with the control signals under 
the control, wherein, in the step of controlling communications, control 
signals for controlling each of a plurality of memory cells organized into 
individual groups are used. By virtue of the arrangement just described, a 
high-speed system capable of controlling a plurality of simultaneous accesses 
to a plurality of memory cell array can be structured. 

Brief Description of Drawings 

FIG. 1 is a system diagram of a semiconductor memory according to a 
first embodiment of the invention. 

FIG. 2 is a diagram schematically showing a portion of the 
semiconductor memory shown in FIG. 1. 

FIG. 3 is a timing chart showing operations in the semiconductor 
memory according to the first embodiment of the invention. 

FIG. 4 is a system diagram of a semiconductor memory according to a 
second embodiment of the invention. 

FIG. 5 is a diagram schematically showing a portion of the 
semiconductor memory shown in FIG. 4. 

FIG. 6 is a diagram schematically showing a portion of a third 
embodiment of the invention. 

FIG. 7 is a timing chart showing operations in the semiconductor 
memory according to the third embodiment of the invention. 

FIG. 8 is a system diagram of a semiconductor memory according to a 
fourth embodiment of the invention. 

FIG. 9 is a diagram schematically showing a portion of the 
semiconductor memory shown in FIG. 8. 

FIG. 10 is a timing chart showing operations in the semiconductor 
memory according to the fourth embodiment of the invention. 

FIG. 11 is a system diagram of a semiconductor memory according to 
the fifth embodiment of the invention. 

FIG. 12 is a system diagram of a semiconductor memory according to 
the fifth embodiment of the invention. 

FIG. 13 is a system diagram of a semiconductor memory according to 
the fifth embodiment of the invention. 

FIG. 14 is a diagram showing an example of processing in a 
semiconductor memory according to a sixth embodiment of the invention. 

FIG. 15 is a diagram showing an example of processing in a 
semiconductor memory according to a seventh embodiment of the invention. 

FIG. 16 is a system diagram of a semiconductor memory of a prior art. 
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FIG. 17 is a system diagram of a semiconductor memory of a prior art. 
FIG. 18 is a system diagram of a semiconductor memory of a prior art. 

Best Mode for Carrying Out the Invention 

Preferred embodiments of the invention will be described with 
reference to the accompanying drawings. 
(First Exemplary Embodiment) 

FIG. 1 to FIG. 3 are drawings explanatory of a first exemplary 
embodiment of the invention. 

FIG. 1 schematically shows a structure of the semiconductor memory 
according to the first embodiment. FIG. 2 schematically shows a portion of 
the semiconductor memory shown in FIG. 1. In FIG. 1 and FIG. 2, memory 
cell array 1 is arranged in a matrix. In FIG. 1, only the outer frame of 
memory cell array 1 is shown. In FIG. 2, a block diagram of memory cell 
array 1 is shown. FIG. 1 shows the outer frame of sense amplifier row 2 and 
FIG. 2 shows a block diagram of sense amplifier row 2. In a real memory 
system, it is well known that there provided sense amplifiers of the same 
number as the number of the columns of memory cell array 1 in a matrix 
arrangement. A schematic of the sense amplifiers for typical memory cell 
columns of "column 0", "column m" and "column n" are shown in Fig. 2. Sub- 
word decoder array 3 is a decoder for a word signal. Switches 4 control the 
connection between first data line pairs DL, XDL and second data line pairs 
DB, XDB. 

Although sense amplifiers 5 of each are generally formed of a latch 
circuit made up of two P-channel transistors and two N*channel transistors, 
it is shown in a simplified manner in FIG. 2. Switches 6 controlfi control the 
connection between bit line pairs BL, XBL and first data line pairs DL, XDL. 

Although memory cells 7, in the case of DRAM, is generally formed of 
one transistor and one capacitor, it is shown in a simplified manner in FIG. 
2. Although there are, in reality, word lines WL corresponding, in number, to 
the rows of memory cell array 1, there are shown only two lines (WLa, WLb) 
in FIG. 2. Selection gates 8 selects one of the upper and lower bit line pairs. 
Although sense amplifier row 2 further has a precharge circuit arranged for 
each bit line pair, it is omitted here. 

FIG. 3 is a timing chart showing an example of operations in the 
semiconductor memory shown in FIG. 1 and FIG. 2. Operations in the first 
embodiment will be described below with reference to FIG. 3. 

When a control signal is fed into the memory 4*** synchronized with a 
rising edge of a clock (hereinafter called CLK), various pulses for controlling 
memory operations are generated. When the control signal is fed in and 
synchronized with rising edges of the first and ninth clocks in FIG. 3, word 
line WLa at the address designated by the control signal makes a transition 
from low level to high level. Following the transition of word line WLa to a 
high level, data in memory cells 7 connected to word line WLa are placed on 
bit line BL01 - PLn2. Then, sense amplifier starting signals SPO, SP1 for the 
memory block designated by the control signal make a transition from 
precharge level to high level. Following the transition from precharge level 
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to low level of SNO, SN1, sense amplifiers 5 are started and voltages on bit 
line pairs BL01 ■ BLn2, XBL01 - XBLn2 are amplified by sense amplifiers 5. 
Then, gate signal YO - 0 for switches 6 makes a transition from low level to 
high level so that bit line pairs BL01 - BLml, XBL01 - XBLml are connected 
with first data line pairs DLO - DLm, XDLO * XDLm. Further, second data 
fine pairs DBOO - DBOm, XDBOO - XDBOm selected by the control signal and 
first data line pairs DLO - DLm, XDLO - XDLm are connected together upon a 
transition from low level to high level of gate signal TGO - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, by a write circuit (not shown) into second data line pairs DBOO - DBOm, 
XDBOO - XDBOm and the written data are transmitted to first data line pairs 
DLO • DLm, XDLO ■ XDLm through switches 4. Further, the data are 
transmitted to bit line pairs BL01 - BLml, XBL01 - XBLml through switches 
6 so that the data are written into memory cells 7 connected to word line 
WLa through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BL01 - BLml, XBL01 - XBLml are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data line 
pairs DBOO - DBOm, XDBOO ■ XDBOm through switches 4. The voltages on 
second data line pairs DBOO - DBOm, XDBOO - XDBOm are amplified by read 
amplifiers (not shown) and the read out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data line pairs are performed while bit line pairs BL, XBL and first data 
line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal 
Yl-0 for switches 6 makes a transition from low level to high level so that bit 
line pairs BL02 - BLm2, XBL02 - XBLm2 and first data line pairs DLO ■ 
DLm, XDLO - XDLm are connected together. 

In the case of a write operation, data are written, during this period of 
time, by a write circuit (not shown) into second data line pairs DBOO - DBOm, 
XDBOO • XDBOm and the written data are transmitted to first data line pairs 
DLO • DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit line pairs BL02 * BLm2, XBL02 - XBLm2 through switches 
6 so that the data are written into memory cells 7 connected to word line 
WLa through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BL02 - BLm2, XBL02 - XBLm2 are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data line 
pairs DBOO - DBOm, XDBOO ■ XDBOm through switches 4. The voltages on 
second data line pairs DBOO ■ DBOm, XDBOO - XDBOm are amplified by read 
amplifiers (not shown) so that the read out data are output. 

As described above, even when, for example, bit line pairs BL01, 
XBL01 and BL02, XBL02 share common first data line pairs DLO, XDLO, it is 
possible to access all of the memory cells connected to word line WLa by 
reading and writing data at 2 CLK cycles (at the second and third clock 
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cycles and 10th and 11th clock cycles in FIG. 3). 

After the completion of the write operation/read operation, if it is 
needed to access memory cells connected to another word line in the same 
memory block, a precharging operation is carried out for preparation of next 
command receiving. Precharging is an operation to bring selected word line 
WL from high level to low level and to bring bit line pairs BL, XBL to a 
precharge level by means of a precharge circuit (not shown) and it is the 
same technology as applied in conventional DRAM and the like (refer to 
fourth, eighth, 12th, and 16th clock cycles in FIG. 3). 

A case where access is made to other memory cells connected to second 
data line pairs DB10 ■ DBlm, XDB10 - XDBlm and word line WLb will be 
described. When a control signal is fed in synchronized with rising edges of 
fifth and 13th CLK in FIG. 3, word line WLb at the address designated by 
the control signal makes a transition from low level to high level. When word 
line WLb is changed to a high level, the data in memory cells 7 connected to 
word line WLb are placed on bit lines BL01 - BLn2. Then, sense amplifier 
starting signals SPO, SPl of the memory block designated by the control 
signal make a transition from precharge level to high level. Then, when 
signals SNO, SN1 make a transition from precharge level to low level, sense 
amplifiers 5 are (started >)activated and voltages on bit line pairs BL01 * 
BLn2, XBL01 - XBLn2 are amplified by sense amplifiers 5. Then, gate signal 
Y0 ■ 0 for switches 6 makes a transition from low level to high level, so that 
bit line pairs BL01 - BLml, XBL01 - XBLml and first data line pairs DLO - 
DLm, XDLO - XDLm are connected together. Further, second data line pairs 
DB10 ■ DBlm, XDB10 - XDBlm selected by the control signal are connected 
with first data line pairs DLO - DLm, XDLO - XDLm upon a transition from 
low level to high level of gate signal TGI - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DB10 - DBlm, XDB10 - XDBlm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit line pairs BL01 - BLml, XBL01 - XBLml through switches 
6 so that the data are written into memory cells 7 connected to word line 
WLb through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BL01 - BLml, XBL01 - XBLml are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data line 
pairs DB10 - DBlm, XDB10 ■ XDBlm through switches 4. The voltages on 
second data line pairs DB10 - DBlm, XDB10 - XDBlm are amplified by read 
amplifiers (not shown) so that the read out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data line pairs are performed while bit line pairs BL, XBL and first data 
line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging operation of first data line pairs DL, XDL , gate 
signal Yl-0 for switches 6 makes a transition from low level to high level so 
that bit line pairs BL02 ■ BLm2, XBL02 - XBLm2 and first data line pairs 
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DLO ■ DLm, XDLO • XDLm are connected together. 

In the case of a write operation, data are written, during 
this period of time, into second data line pairs DB10 * DBlm, XDB10 - 
XDBlm by a write circuit (not shown) and the written data are transmitted 
to first data line pairs DLO - DLm, XDLO - XDLm through switches 4. 
Further, the voltages are transmitted to bit line pairs BL02 ■ BLm2, XBL02 - 
XBLm2 through switches, 6 so that the data are written into memory cells 7 
connected to word line WLb through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BL02 - BLm2, XBL02 - XBLm2 are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data line 
pairs DB10 - DBlm, XDB10 - XDBlm through switches 4. The voltages on 
second data line pairs DB10 - DBlm, XDB10 - XDBlm are amplified by read 
amplifiers (not shown) so that the read out data are output. 

Thus, according to the first embodiment, first data lines normally used 
for memory data transfer can also be used as crossbar wirings and, hence, an 
increase in the chip area can be suppressed. 
(Second Exemplary Embodiment) 

FIG. 4 and FIG. 5 are drawings explanatory of a second exemplary 
embodiment of the invention. FIG. 4 schematically shows a structure of a 
semiconductor memory according to the second embodiment. FIG. 5 
schematically shows a portion of the semiconductor memory shown in 4. 

The second embodiment, as shown in FIG. 4, has the second data line 
pairs (DB, XDB) in the above described first embodiment (FIG. 1, FIG. 2) 
lavoutod laidout on the memory cell array 1. According to the second 
embodiment, it becomes possible to layout the crossbar wiring over the 
memory cells so that the chip size can be reduced. 

Further, by the use of the area on the memory cell array as the wiring 
area, a much larger number of data wires can be laid as compared, for 
example, with the first embodiment in which the second data lines were 
disposed in the domain of the sense amplifier rows. Further, by having 
simultaneous data communications performed with the memory by the use of 
the large number of data lines, it becomes possible to structure a high 
bandwidth system. 
(Third Exemplary Embodiment) 

FIG. 6 and FIG. 7 are drawings explanatory of a third exemplary 
embodiment of the invention. 

FIG. 6 schematically shows a portion of the semiconductor memory 
according to the third embodiment. 

FIG. 7 is a timing chart showing an example of operations in the 
semiconductor memory shown in FIG. 6. 

In FIG. 6, the third embodiment has the first data lines (DL, XDL) and 
second data lines (DB, XDB) in the above described second embodiment (FIG. 
5) provided in a single -bus structure. 

When a control signal is fed into the semiconductor memory in 
synchronized with a rising edge of a CLK, various pulses for controlling 
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memory operations are generated. When the control signal is fed in 
synchronized with the rising edges of the first and seventh clocks in FIG. 7, 
word line WLa at the address designated by the control signal makes a 
transition from low level to high level. Following the transition of word line 
WLa to a high level, data in memory cells 7 connected to word line WLa are 
placed on bit line BL01 - PLn2. Then, sense amplifier starting signals SPO, 
SP1 for the memory cell array designated by the control signal make a 
transition from precharge level to high level. Following the transition from 
precharge level to low level of SNO, SN1, sense amplifiers 5 are started so 
that data on bit line pairs BL01 • BLn2, XBL01 - XBLn2 are amplified by 
sense amplifiers 5. Then, gate signals YO - 0 and Yl - 0 for switches 6 make 
a transition from low level to a high level, so that bit lines BL01 - BLml are 
connected with first data line pairs DLO * DLm and bit lines XBL02 - XBLm2 
are connected with first data lines XDLO - XDLm. Further, second data line 
pairs DBOO - DBOm, XDBOO - XDBOm selected by the control signal and first 
data line pairs DLO - DLm, XDLO - XDLm are connected together upon a 
transition from low level to high level of gate signal TGO - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit line pairs BL01 - BLml, XBL02 • XBLm2 through switches 
6 so that the data are written into memory cells 7 connected to word line 
WLa through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit lines BL01 - BLmO, XBL02 - XBLm2 are transmitted, during the same 
period of time, to first data line pairs DLO - DLm, XDLO - XDLm through 
switches 6. Further, the voltages are transmitted to second data line pairs 
DBOO • DBOm, XDBOO - XDBOm through switches 4. The voltages on second 
data line pairs DBOO - DBOm, XDBOO - XDBOm are compared with a preset 
precharge level and amplified by read amplifiers (not shown) and the read 
out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data lines are performed while bit line pairs BL, XBL and first data 
lines DL, XDL are disconnected upon turning off of switches 6. 

After the completion of the write operation/read operation, if it is 
needed to access memory cells connected to another word line in the same 
memory block, a precharging operation is carried out for preparation of next 
command receiving(refer to third, sixth, ninth, and 12th clock cycles in FIG. 
7). 

A case where access is made to memory cells connected to another 
second data line pairs DB10 ■ DBlm, XDB10 ■ XDBlm and word line WLb 
will be described. When a control signal is fed in and synchronized with 
rising edges of fourth and 10th CLK in FIG. 7, word line WLb at the address 
designated by the control signal makes a transition from low level to high 
level. When word line WLb has made the transition to a high level, the data 
in memory cells 7 connected to word line WLb are placed on bit line BL01 - 
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BLn2. Then, sense amplifier starting signals SPO, SP1 of the memory cell 
array designated by the control signal make a transition from precharge level 
to high level. Then, when signals SNO, SN1 make a transition from 
precharge level to low level, sense amplifiers 5 are started and voltages on bit 
line pairs BL01 - BLn2, XBL01 - XBLn2 are amplified by sense amplifiers 5. 
Then, gate signals YO - 0 and Yl-0 for switches 6 make a transition from low 
level to high level, so that bit lines BL01 • BLml is connected with first data 
lines DLO - DLm and bit lines XBL02 • XBLm2 is connected with first data 
lines XDLO ■ XDLm. Further, second data line pairs DB10 - DBlm, XDB10 - 
XDBlm selected by the control signal and first data line pairs DLO - DLm, 
XDLO • XDLm are connected together upon a transition from low level to 
high level of gate signal TGI - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DB10 - DBlm, XDB10 - XDBlm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLO - DLm, XDLO - XDLm through switches 4. Further, the data are 
transmitted to bit lines BL01 - BLml, XBL02 - XBLm2 through switches 6 so 
that the data are written into memory cells 7 connected to word line WLb 
through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BL01 - BLmO, XBL02 - XBLm2 are transmitted, during the 
same period of time, to first data line pairs DLO - DLm, XDLO - XDLm 
through switches 6. Further, the voltages are transmitted to second data line 
pairs DB10 ■ DBlm, XDB10 ■ XDBlm through switches 4. The voltages on 
second data line pairs DB10 - DBlm, XDB10 - XDBlm are compared with a 
preset precharge level and amplified by read amplifiers (not shown) and the 
read out data are output. 

Thus, according to the third embodiment, twice as many data as are 
transferred by means of data line pairs can be transferred during the same 
time period and it is made possible to structure a high bandwidth system. 

(Fourth Exemplary Embodiment) 

FIG. 8 to FIG. 10 are drawings explanatory of a fourth exemplary 
embodiment of the invention. FIG. 8 schematically shows a structure of the 
semiconductor memory according to the fourth embodiment. FIG. 9 
schematically shows a portion of the semiconductor memory shown in FIG. 8. 
FIG. 10 is a timing chart of operations in the semiconductor memory shown 
in FIG. 8 and FIG. 9. 

The fourth embodiment in FIG. 8 and FIG. 9 is different from the 
above second embodiment (FIG. 4, FIG. 5) in the manner of connection of 
switches 4 and the manner of connection of switches 6. 

When a control signal is fed into the semiconductor memory in 
synchronized with a rising edge of a CLK, various pulses for controlling 
memory operations are generated. When the control signal is fed in 
synchronized with the rising edges of the first and 10th clocks in FIG. 10, 
word line WLa at the address designated by the control signal makes a 
transition from low level to high level. Following the transition of word line 



WLa to a high level, data in memory cells 7 connected to word line WLa are 
placed on bit lines BL01 - PLn2. Then, sense amplifier starting signals SPO, 
SP1 (not shown) for the memory cell array designated by the control signal 
make a transition from precharge level to high level. Following the 
transition from precharge level to low level of SNO, SNl (not shown), sense 
amplifiers 5 are started, so that voltages on bit fine pairs BL01 - BLn2, 
XBL01 • XBLn2 are amplified by the sense amplifiers. Then, gate signal YO - 
0 for switches 6 makes a transition from low level to high level, so that bit 
line pairs BLxl, XBLxl (x represents even numbers from 0 to n) are 
connected with first data fine pairs DLx, XDLx (x represents even numbers 
from 0 to n). Further, second data line pairs DBOO ■ DBOm, XDBOO - XDBOm 
selected by the control signal and first data line pairs DLx, XDLx (x 
represents even numbers from 0 to n) are connected together upon a 
transition from low level to high level of gate signal TGO - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even numbers from 0 to n) through switches 
4. Further, the data are transmitted to bit line pairs BLxl, XBLxl (x 
represents even numbers from 0 to n) through switches 6 so that the data are 
written into memory cells 7 connected to word line WLa through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLxl, XBLxl (x represents even numbers from 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBOO - DBOm, XDBOO - 
XDBOm through switches 4. The voltages on second data line pairs DBOO - 
DBOm, XDBOO - XDBOm are amplified by read amplifiers (not shown) and 
the read out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data line pairs are performed while bit line pairs BL, XBL and first data 
line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal YO-1 
for switches 6 makes a transition from low level to high level so that bit line 
pairs BLyl, XBLyl (y represents odd numbers from 0 to n) and first data line 
pairs DLx, XDLx (x represents even numbers from 0 to n) are connected 
together. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even number from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLyl, XBLyl (y represents 
odd numbers from 0 to n) through switches 6 so that the data are written into 
memory cells 7 connected to word line WLa through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLyl, XBLyl (y represents odd numbers from 0 to n) are 
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transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBOO - DBOm, XDBOO - 
XDBOm through switches 4. The voltages on second data line pairs DBOO - 
DBOm, XDBOO • XDBOm are amplified by read amplifiers (not shown) and 
the read out data are output. 

When access is that to a memory cell array and second data line pairs 
other than the memory cell array and the second data line pairs designated 
by the control signal at the first and 10th clock cycles, continuous operation 
can be made. Operation relative to it will be described below. 

When a control signal is fed in synchronized with the rising edges of 
the second and 11th clocks in FIG. 10 for accessing a memory cell array 
different from that designated at the first and 10th clock cycles, word line 
WLc at the address designated by the control signal makes a transition from 
low level to high level. Following the transition of word line WLc to a high 
level, data in memory cells 7 connected to word line WLc are placed on bit 
lines BL0(z+l) - BLn(z+2). Then, sense amplifier starting signals SPz, 
SP(z+l) (not shown) for the memory block designated by the control signal 
make a transition from precharge level to high level. Following the 
transition from precharge level to low level of SNz, SN(z+l) (not shown), 
sense amplifiers 5 are started, so that bit line pairs BL0(z+l) - BLn(z+2), 
XBLO(z-l-l) • XBLn(z+2) are amplified by the sense amplifiers. Then, gate 
signal Yz - 0 for switches 6 makes a transition from low level to high level, so 
that bit line pairs BLx(z+l), XBLx(z+l) (x represents even numbers from 0 to 
n) are connected with first data line pairs DLy, XDLy (x represents odd 
numbers from 0 to n). Further, second data line pairs DBzO - DBzm, XDBzO - 
XDBzm selected by the control signal and first data line pairs DLy, XDLy (x 
represents odd numbers from 0 to n) are connected together upon a transition 
from low level to high level of gate signal TGz - 1 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBzm, XDBzO • XDBzm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLy, XDLy (y represents odd numbers from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLx(z+l), XBLx(z+l) (x 
represents even numbers from 0 to n) through switches 6 so that the data are 
written into memory cells 7 connected to word line WLc through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLx(z+l), XBLx(z+l) (x represents even numbers from 0 to 
n) are transmitted, during the same period of time, to first data line pairs 
DLy, XDLy (y represents odd numbers from 0 to n) through switches 6. 
Further, the voltages are transmitted to second data line pairs DBzO - DBzm, 
XDBzO - XDBzm through switches 4. The voltages on second data line pairs 
DBzO • DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) 
and the read out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data line pairs are performed while bit line pairs BL, XBL and first data 
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line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal Yzl 
for switches 6 makes a transition from low level to high level so that bit line 
pairs BLy(z+l), XBLy(z+l) (y represents odd numbers from 0 to n) and first 
data line pairs DLy, XDLy (y represents odd numbers from 0 to n) are 
connected together. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBzm, XDBzO - XDBzm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLy, XDLy (y represents even number from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLy(z+l), XBLy(z+l) (y 
represents odd numbers from 0 to n) through switches 6 so that the data are 
written into memory cells 7 connected to word line WLc through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLy(z+l), XBLy(z+l) (y represents odd numbers from 0 to n) 
are transmitted, during the same period of time, to first data line pairs DLy, 
XDLy (y represents odd numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBzO - DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data line pairs DBzO - 
DBzm, XDBzO * XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 

After the completion of the write operation/read operation, if it is 
needed to access memory cells connected to another word line in the same 
memory block, a precharging operation is carried out for preparation of next 
command receiving (refer to fourth, fifth, eighth, ninth, 13th, 14th, 17th, and 
18th clock cycles in FIG. 10). 

A case where access is made to memory cells connected to other second 
data line pairs DBzO - DBzm, XDBzO - XDBzm and word line WLb and to 
memory cells connected to second data line pairs DB00 - DBOm, XDB00 - 
XDBOm and word line WLd will be described with reference to FIG. 10. 

When a control signal is fed in synchronized with rising edges of fifth 
and 14th CLK, word line WLb at the address designated by the control signal 
makes a transition from low level to high level. When word line WLb has 
made the transition to a high level, the data in memory cells 7 connected to 
word line WLb are placed on bit line XBL01 • XBLn2. Then, sense amplifier 
starting signals SPO, SP1 (not shown) of the memory block designated by the 
control signal make a transition from precharge level to high level. Then, 
when signals SNO, SNl (not shown) make a transition from precharge level 
to low level, sense amplifiers 5 are started and voltages on bit line pairBLOl - 
BLn2, XBL01 - XBLn2 are amplified by the sense amplifiers. Then, gate 
signal Y0 - 0 for switches 6 makes a transition from low level to high level so 
that bit line pairs BLxl, XBLxl (x represents even numbers from 0 to n) is 
connected with first data fine pairs DLx, XDLx (x represents even numbers 
from 0 to n). Further, second data line pairs DBzO ■ DBzm, XDBzO - XDBzm 
selected by the control signal and first data fine pairs DLx, XDLx (x 
represents even numbers from 0 to n) are connected together upon a 
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transition from low level to high level of gate signal TGz - 0 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBOm, XDBzO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even numbers from 0 to n) through switches 
4. Further, the data are transmitted to bit line pairs BLxl, XBLxl (x 
represents even numbers from 0 to n) through switches 6 so that the data are 
written into memory cells 7 connected to word line WLb through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLxl, XBLxl (x represents even numbers from 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBzO * DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data line pairs DBzO - 
DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data line pairs are performed while bit line pairs BL, XBL and first data 
line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal YO-1 
for switches 6 makes a transition from low level to high level so that bit line 
pairs BLyl, XBLyl (y represents odd numbers from 0 to n) and first data line 
pairs DLx, XDLx (x represents even numbers from 0 to n) are connected 
together. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBzO - DBzm, XDBzO - XDBzm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLx, XDLx (x represents even number from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLyl, XBLyl (y represents 
odd numbers from 0 to n) through switches 6 so that the data are written into 
memory cells 7 connected to word line WLb through selection gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLyl, XBLyl (y represents odd numbers from 0 to n) are 
transmitted, during the same period of time, to first data line pairs DLx, 
XDLx (x represents even numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DBzO - DBzm, XDBzO - 
XDBzm through switches 4. The voltages on second data line pairs DBzO - 
DBzm, XDBzO - XDBzm are amplified by read amplifiers (not shown) and the 
read out data are output. 

When access is that to a memory cell array other than the memory cell 
array designated by the control signal at the fifth or 14th, to a memory block 
not related to the second line pairs or access to the second line pairs itself, 
continuous operation can be made. Operation relative to it will be described 
below. 

When a control signal is fed in synchronized with the rising edges of 
the sixth and 15th clocks in FIG. 10 for accessing a memory cell array 
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different from that designated at the fifth and 14th clock cycles, word line 
WLd at the address designated by the control signal makes a transition from 
low level to high level. Following the transition of word line WLd to a high 
level, data in memory cells 7 connected to word line WLd are placed on bit 
line XBL0(z+l) - XBLn(z+2). Then, sense amplifier starting signals SPz, 
SP(z+l) (not shown) for the memory cell array designated by the control 
signal make a transition from precharge level to high level Following a 
transition from precharge level to low level of SNz, SN(z+l) (not shown), 
sense amplifiers 5 are started, so that bit line pairs BL0(z+l) - BLn(z+2), 
XBL0(z+l) ■ XBLn(z+2) are amplified by the sense amplifiers. Then, gate 
signal Yz - 0 for switches 6 makes a transition from low level to high level, so 
that bit line pairs BLx(z+l), XBLx(z+l) (x represents even numbers from 0 to 
n) are connected with first data line pairs DLy, XDLy (x represents odd 
numbers from 0 to n). Further, second data line pairs DBOO - DBOm, XDBOO 
• XDBOm selected by the control signal and first data line pairs DLy, XDLy (x 
represents odd numbers from 0 to n) are connected together upon a transition 
from low level to high level of gate signal TGO - 1 for switches 4. 

In the case of a write operation, data are written, during this period of 
time, into second data line pairs DBOO- DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLy, XDLy (y represents odd numbers from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLx(z+l), XBLx(z+l) (x 
represents even numbers from 0 to n) through switches 6, so that the data 
are written into memory cells 7 connected to word line WLd through 
selection gates 8. 

In the case of a read^operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLx(z+l), XBLx(z+l) (x represents even numbers from 0 to 
n) are transmitted, during the same period of time, to first data line pairs 
DLy, XDLy (y represents odd numbers from 0 to n) through switches 6. 
Further, the voltages are transmitted to second data line pairs DBOO - 
DBOm, XDBOO - XDBOm through switches 4. The voltages on second data 
line pairs DBOO ■ DBOm, XDBOO - XDBOm are amplified by a read amplifiers 
(not shown) and the read out data are output. 

Whether in read operation or in write operation, the precharging of the 
first data line pairs are performed while bit line pairs BL, XBL and first data 
line pairs DL, XDL are disconnected upon turning off of switches 6. 

After the precharging of first data line pairs DL, XDL , gate signal 
Yz-1 for switches 6 makes a transition from low level to high level, so that bit 
line pairs BLy(z+l), XBLy(z+l) (y represents odd numbers from 0 to n) and 
first data lines DLy, XDLy (y represents odd numbers from 0 to n) are 
connected together. 

In the case of a write operation, data are written, during this period of 
k time, into second data line pairs DBOO - DBOm, XDBOO - XDBOm by a write 
circuit (not shown) and the written data are transmitted to first data line 
pairs DLy, XDLy (y represents odd number from 0 to n) through switches 4. 
Further, the data are transmitted to bit line pairs BLy(z+l), XBLy(z+l) (y 
represents odd numbers from 0 to n) through switches 6, so that the data are 



20 



written into memory cells 7 connected to word line WLd through selection 
gates 8. 

In the case of a read operation, voltages amplified by sense amplifiers 5 
on bit line pairs BLy(z+l), XBLy(z+l) (y represents odd numbers from 0 to n) 
are transmitted, during the same period of time, to first data line pairs DLy, 
XDLy (y represents odd numbers from 0 to n) through switches 6. Further, 
the voltages are transmitted to second data line pairs DB00 - DBOm, XDB00 - 
XDBOm through switches 4. The voltages on second data fine pairs DB00 - 
DBOm, XDBOO - XDBOm are amplified by read amplifiers (not shown) and 
the read out data are output. 

Thus, according to the fourth embodiment, by arranging first data line 
pairs to be separately corresponding to each memory cell array, it is made 
possible to perform access, continuously with first access, to a memory block 
different from that accessed first, through second data line pairs different 
from that used in the first access. Therefore, data transfer to and from a 
plurality of memory blocks can be continuously performed without producing 
contention, so that a great improvement in the bandwidth of the system can 
be realized. Incidentally, in the fourth embodiment, an example in which 
first data line pairs correspond to two memory cell arrays were shown. The 
number of correspondence of first data line pairs to memory cell arrays can 
be easily adjusted by changing connections of switches 6 and switches 4. 
Further, by making it the same as the number of blocks of the second data 
line pairs (this configuration is a typical full cross-bar connection system 
which makes possible simultaneous access with e ach memory block access) 
such a system in which continuous access from all of the blocks of the second 
data line pairs are possible can be structured and, thus, bus contention can 
be completely avoided. In addition, each of neighbor bit line pairs should be 
assigned to "n*th" bit of the pitch matched processor input/output line pairs, 
via first data line pairs and second data line pairs of corresponding "n-th" bit, 
for fast data transfer. 

(Fifth Exemplary Embodiment) 

Fifth exemplary embodiment is configured by having a plurality of 
processor elements connected with the memory of the first embodiment, 
memory of the second embodiment, or memory of the fourth embodiment by 
second data line pairs of the memory and having them integrated on one 
chip. 

In FIG. 11, a plurality of processor elements 9 are connected with the 
memory of the first embodiment by second data line pairs (DB, XDB) and 
these elements are integrated on one chip. In FIG. 12, a plurality of 
processor elements 9 are connected with the memory of the second 
embodiment by second data line pairs (DB, XDB) and these elements are 
integrated on one chip. In FIG. 13, a plurality of processor elements 9 are 
connected with the memory of the fourth embodiment by second data line 
pairs (DB, XDB) and these elements are integrated on one chip. 

In FIG. 11 to FIG. 13, one processor element is connected with second 
data line pairs related to one memory cell array. Further, each memory cell 
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array, within the memory, is connected with first data line pairs. In other 
words, crossbar wirings and crossbar switches are formed within the 
memory. Therefore, when a plurality of memory cell arrays and a plurality of 
processor elements of the present invention are integrated on one chip, the 
crossbar wirings and crossbar switches are formed within the memory. 
Accordingly, the present invention has an advantage that the chip area is 
prevented from increasing. Although the case where crossbar switches are 
formed within the memory has so far been described, it is of course possible 
to form the crossbar switches within the processor elements. 

Processor elements 9 and the memory cell arrays are arranged at the 
same pitch. When they are integrated on one chip, the number of processor 
elements 9 and the number of the memory cell arrays may be selected 
according to the need. 

(Sixth Exemplary Embodiment) 

Sixth exemplary embodiment is that related to arbitration of requests 
for accessing from one or more processor elements to one memory cell array. 

The arbitration function in the fifth embodiment is incorporated in the 
processor element. When a plurality of processor elements request for access 
to one memory cell array, arbitration among the processor elements is made 
and the access request from only one processor element is enabled. In 
accordance with a signal (not shown) from the processor enabled to access, 
switches 4 for connecting first data line pairs (DL, XDL) within the memory 
and second data line pairs (DB, XDB) connected to the processor element 
enabled to access is turned ON and, thereby, accessing for data transferred 
between the memory and processor is performed. 

FIG. 14 is a diagram schematically showing an example of arbitration 
of access requests from processor elements 9 to one cell array 1. A case 
where n processor elements 9 are integrated will be described. 

When n access requests to cell array 1 are simultaneously made by 
processor elements 9 operating independently of one another, arbiter circuit 
10 arbitrates among the n access requests. Arbiter circuit 10 allots priority 
levels to the n access requests and outputs the access requests to the memory 
in order of priority. Here, arbiter circuit 10 accepts a next access request 
when communications between the memory and processor element 9 based 
on a preceding access request have been finished. 

According to the present embodiment, since the crossbar system can be 
provided in a small chip form, a memory-embedded multiprocessor mounting 
a crossbar system can be realized on one chip. Therefore, a high-speed and 
low-power system, which has so far been realized on multiple chips, can be 
provided. 

(Seventh Exemplary Embodiment) 

Seventh exemplary embodiment is related to arbitration of requests for 
access from one or more processor elements to one or more memory cell 
arrays. 

FIG. 15 is a diagram schematically showing an example of arbitration 
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among accessing requests from multiple processor elements 9 to multiple cell 
arrays 1 - m. In FIG. 15, it is arranged such that a plurality of accessing 
requests to cell array 1 are simultaneously issued from arbiter circuit 10 of 
FIG. 14. Nine sets of processor elements are integrated. For simplicity, a 
case where n = m will be described. 

When n accessing requests to cell arrays 1 - n are simultaneously made 
by processor elements 9 operating independently of one another, arbiter 
circuit 10 arbitrates the n access requests. Arbiter circuit 10 allots priority 
levels to the n access requests by means of hardware or software and accepts 
the memory access requests according to the priority level. Here, arbiter 
circuit 10 checks whether any of the access requests are to the same memory 
cell array k. If no access requests are to the same memory cell array k (not 
shown), the memory access requests are accepted at the same time. If some 
of them are to the same memory cell array k, a next access request is 
accepted after communications between the cell array k and processor 
element 9 based on a preceding access request have been finished. 

Operations in the present embodiment will be described as follows. 
The operations are performed through the step for processor elements to 
make access requests to memory cell arrays, the step for the arbiter circuits 
belonging to the memory cell arrays, which are requested to access, to make 
arbitration, and the step at which data communications are made between 
processor elements and memory cell arrays in accordance with the result of 
arbitration. The arbiter circuits each have the arbitration signal for each 
memory cell array. 

Industrial Applicability 

Since the crossbar system according to the present embodiment can be 
provided in a small chip form, the memory-embedded multiprocessor 
mounting the crossbar system can be realized on one chip. If separate 
memory cell arrays are used, it becomes possible to make accesses between a 
plurality of processor elements 9 and a plurality of memory cell arrays 
simultaneously and, therefore, a system of higher speeds can be realized. 
Thus, according to the present invention, by having crossbar wirings 
arranged on memory cell arrays, a high-speed and high-performance 
memory-embedded multiprocessor can be provided without increasing the 
chip area. 



